T his article begins with a review of what is meant by the phrase temporal structure in music. A brief recounting of some major findings on its neural correlates, chiefly as found in neuroimaging studies, follows. The article concludes with a discussion of what I believe still remains to be addressed in this rapidly growing field and, finally, what challenges still face us. Structure in music is that which exists when one can differentiate an ordered sequence from a random sequence of musical events (Garner, 1974; Lerdahl, 2001; Patel, 2003; Pomerantz & Lockhead, 1991) . One of the primary functions of the brain is to extract structure from the physical world. This is a difficult task, as the information that impinges on our sensory receptors (eardrums, retinas) is disorderly and chaotic, often a dense, undifferentiated stream of impulses (e.g., sound waves, photons) that our brains must organize into meaningful units. In listening to a symphony, for example, the sound waves that hit the eardrum do not themselves differentiate an oboe from the air conditioner in the concert hall-this is the task of our brain, a process dubbed auditory scene analysis (Bregman, 1990) ; despite a great amount of effort on the part of computer scientists to instantiate such behavior in programs, no computer can do what all of us accomplish effortlessly.
Visual art is manifest over space. In contrast, the meaning of music (or similarly, poetry or speech) is manifest over time. Structure thus exists in music over time, in the relationship between successive notes of a melody or chords in a progression (the horizontal aspect of musical structure). Structure can be said to also exist in the simultaneously (or nearsimultaneously) sounded notes that make up a chord (the vertical aspect of musical structure). Both the formation of chords and their sequence are described (or governed) by music theory.
Music's temporal structure has been studied using all the tools available to modern cognitive neuroscience, including genetic models (as in studies of Williams Syndrome; Levitin & Bellugi, 1998) , neuroimaging (Janata et al., 2002; Knosche et al., 2005; Levitin & Menon, 2003) , mathematical models (Krumhansl, 1990; Shepard, 1982) , and lesion studies (Peretz & Hébert, 1995; Peretz & Zatorre, 2003) . We have learned that regions of the brain that attend to and track ongoing temporal structure in music are bilateral, unlike those that subserve temporal structure in speech, which are predominantly left-lateralized. Musical structure processing appears to recruit networks in the prefrontal cortex, inferior frontal cortex, superior temporal poles, and cerebellum (including the cerebellar vermis). When the music is emotionally meaningful, activity extends to the ventral tagmental area, the nucleus accumbens, and the hypothalamus .
Determining the exact processes that occur in the frontal regions has been difficult, and the findings are ambiguous. The frontal lobes are involved in mediating access to the mental lexicon in the case of language, although the musical equivalent has not yet been discovered. The prefrontal cortex also mediates access to the hippocampus and access to longterm and working memory for music. Brodmann Areas 44, 46, and 47 (bilaterally) have been broadly implicated in operations relating to musical syntax, tonal expectancies, and semantic retrieval (Koelsch et al., 2002; Koelsch et al., 2004; Koelsch, Maess, & Friederici, 2000; Patel, Gibson, Ratner, Besson, & Holcomb, 1998) . It has been argued that the experimental paradigms that gave rise to these findings all have a property in common that might best be thought of as temporal structure and, further, that the involvement of Brodmann 47 may reflect its role in temporal perceptual organization; that is, it may instantiate a processing center for building up temporal expectations and determining (in the Gestalt sense) ''what goes with what'' .
In spite of the great progress over the past decade, there remain many gaps in our understanding of musical structure and the brain. We still do not understand how music can cause such strong emotional reactions, and this is clearly related to its structure, not simply the overall spectrum or timbres of sounds-a randomized or ''scrambled'' sequence of notes is not able to elicit the same reactions as an ordered one (Lerdahl & Jackendoff, 1983; .
The relation between music and language appears to be a complex one (Besson & Friederici, 2005) , and this presents yet another challenge for the coming decade. The emerging evidence from neuroimaging and lesion studies is that music recruits many of the same neural pathways as language does and yet also recruits distinct music-specific circuits.
The increased spatial resolution afforded by the newer, high-power fMRI machines (5 teslas and more) may help to substantially improve our understanding of processing specificity within subregions of what had previously been regarded as functionally homogeneous tissue.
Time, tempo, and structure in music appear to involve a neural network that links the cerebellum, parietal, frontal, and temporal lobes (Levitin, 2006) , but the directionality and control sequence is poorly understood. As of this writing, a debate exists about the primacy of the basal ganglia versus the cerebellum in keeping the internal clock in humans that is crucial to understanding temporal events (Bhattacharjee, 2006) . The historical view has been that the cerebellum contains such a timekeeper through a system of hierarchically arranged oscillators; increasing evidence suggests that this role is played by the basal ganglia. In approaching this debate, it may help to consider that the human cerebellum comprises both neo-and paleocerebellar regions, reflecting the phylogenetic evolution of this structure. The function that the cerebellum performs in modern humans may well be different than that in lower mammals. Moreover, it is possible that a basal ganglia-cerebellum circuit allows the cerebellum to control or mediate basal ganglia function when the cerebellum is intact and that when damaged these functions become decoupled. Again, better spatial resolution in fMRI along with new and more advanced analysis tools, including functional data analysis (Ramsay & Silverman, 1997 Vines, Nuzzo, & Levitin, 2005) and connectivity analysis (Bokde, Tagamets, Friedman, & Horwitz, 2001; Friston, 2005; Greicius, Krasnow, Reiss, & Menon, 2003; , will be important tools in the coming decade to properly address these issues. Transcranial Direct Current Stimulation may also be an important adjunct to current methods (Vines, Nair, & Schlaug, 2006; Vines, Schnider, & Schlaug, 2006) , allowing experimental control over distinct neural subregions in real time.
Recent work has shown that visual input influences the perception of auditory temporal structure (Vines, Krumhansl, Wanderley, & Levitin, 2006; Vitouch, Sovdat, & Hö ller, 2006) , and this is an area that is rapidly growing, evidenced by the formation of a new journal, Gesture, the aim of which is to better understand the role of paralinguistic and paramusical gestures that are perceived visually as an adjunct to interpreting the acoustical stream.
The basis for vision influencing music may derive from the observation that music cannot exist without movement and an evolutionary history during which sound and sight were coupled. Because sound is transmitted via vibrating molecules, some physical action is required to set those molecules in motion in the first place (Levitin, McAdams, & Adams, 2002; Levitin & Tirovolas, 2009) . Even when lying perfectly still, listeners show activation in those regions of the brain that are involved in motor action planning, including the cerebellum, basal ganglia, and cortical motor areas (Levitin, 2006; Levitin & Menon, 2003) . Tapping in synchrony to the pulse of a musical sequence (by humans) engages the presupplementary motor area, the supplemental motor area, the dorsal premotor cortex, the dorsolateral prefrontal cortex, the inferior parietal lobule, and lobule VI of the cerebellum, as measured by the blood oxygenation level dependent (BOLD) response (Chen, Penhune & Zatorre, 2008) .
Additional connections have been noted between auditory and kinesthetic senses (Phillips-Silver & Trainor, 2005 , 2007 . In one study, adult and infant participants bounced to a duple (march) or triple (waltz) meter while listening to an unaccented, ambiguous rhythm. The kinesthetically-felt meter biased the perceptual representation and subsequent recall of the sequences. In effect, the movement itself created the (cross-modal) accented beat. This interactive process was found to be mediated by the vestibular system: Although full-body movement appears to be the most effective in engendering the movement-sound interaction, head movement alone is capable of producing it, although body movement alone is not (Phillips-Silver & Trainor, 2008) . Additional data implicate the dorsal premotor cortex (dPMC) in rhythmic synchronization. Participants tapped to rhythmic sequences of varying levels of metric difficulty; greater difficulty was correlated with increased dPMC activation (Chen et al., 2008) .
The way in which auditory meaning unfolds over time is described by rules that we call syntax in language and harmony in music. Linguists differentiate different aspects of the speech stream through the separate study of phonetics, phonology, morphology, syntax, semantics, and pragmatics. Attempts to find strictly analogous units in the study of music have been unsuccessful (Lerdahl & Jackendoff, 1983 ), yet many scientific researchers still refer to the syntactic structure of music as a way of drawing out the parallels between music and language (Gjerdingen, 1992; Koelsch et al., 2004; Koelsch et al., 2000; Levitin & Menon, 2003; Maess, Koelsch, Gunter, & Friederici, 2001; Patel, 2003) . In language, the syntax of an utterance-the relation between words-can be studied on its own; as soon as we introduce a dictionary we are at the level of semantics, and as soon as we introduce a listener we are at the level of pragmatics. Syntax and semantics in music appear to be far less separable than they are in speech. No one has yet identified the equivalent to parts of speech, or actors and agents in music. Even attempts to distinguish ''legal'' or ''well-formed'' musical phrases from ''illegal'' or ''malformed'' phrases necessarily involve not just the structure of the musical phrase with respect to tonality and harmony but also its meaning and interpretation. An emerging and compelling idea is that the proper level at which to analyze temporal structure in music may in fact be the pragmatic level (Ashley, 2006) . This is because we can rarely divorce notions of consonance and dissonance, or tension and resolution, from a discussion of musical structure, and these concepts are cognitive, necessarily involving a listener.
Pitch structure in melodies has been shown to be characterized by the 1/f or 1/f 2 distribution (Gilden, Thornton, & Mallon, 1995; Patel & Balaban, 2000; Voss & Clarke, 1975) , whereby the power spectrum is proportional to the reciprocal of frequency. A major unsolved problem is the extent to which rhythmic sequences in music can be characterized by a 1/f distribution.
We stand at the beginning of a new age in understanding human behavior and the brain. The study of music can provide an important window into brain function because it is a complex faculty that involves virtually every cognitive process we have identifiedattention, memory, categorization, motor action planning, prediction, emotion, and communication. The study of music in psychology and neuroscience also enjoys a distinguished history, dating back to Aristotle and Pythagoras, and including Wundt, Fechner, Helmholtz, and James. Although relegated to the fringe of experimental psychology for much of the 20th century, recent decades have seen exponential growth in research on the psychology of music (Levitin, 1999) . The coming 10 to 20 years promise to solve many questions that have remained unanswered for centuries, and I believe that the temporal structure of music is at the core of the mystery of what makes music special to us and how it is that music can move us so emotionally.
Understanding this core issue in cognition may help us to better understand communication in the broadest sense and, in the process, to help us better understand ourselves as a species.
